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Seagrass meadows play an important role in carbon sequestration and sediment stabilization in 
marine ecosystems. A large decline in seagrass populations had been documented worldwide. 
Recent studies have revealed the presence of Halophytophthora and Phytophthora species in 
the seagrass populations of the northern hemisphere, but little is known regarding the 
distribution and pathogenicity of the microoganisms within Victoria, Australia. This project 
was therefore conducted to access whether oomycete species could be detected and therefore 
could be a contributing factor to die- back of seagrass in beds of Victoria. Two different species 
of Halophytophthora; Halophytophthora polymorphica and Halophytophthora sp. Zostera and 
two species of Phytophthora; Phytophthora inundata and Phytophthora humicola had been 
isolated from Queenscliff, Point Henry, Western Port Bay and Apollo Bay with the use of PCR 
amplification and DNA sequencing. Halophytophthora polymorphica (Isolate 1) and 
Halophytophthora sp. Zostera (Isolate 2) had been taken into consideration for conducting 
laboratory works. Isolate 1 showed maximum colony growth at 20°C whereas for Isolate 2 
colony growth was maximum in 16°C. Similarly, while using different selective media, Isolate 
1 showed rosette colonial structure in PDA, Parph and CV8 plates however Isolate 2 showed 
rosette structure only in PDA plate. Also, Isolate 1 showed optimal growth in 100% sea water 
whereas Isolate 2 showed growth both in plates without water and plates that were irrigated 
with sea water.  The colonies of isolates (Isolate 1 and Isolate 2) showed no sporangia while 
testing for sporangia and zoospores release. Zostera muellerai was found to be more infected 
in comparison to Heterozostera nigricaulis. Overall the study showed that Halophytophthora 
and Phytophthora species are common in seagrass beds of Victoria and have the potential to 
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CHAPTER I: GENERAL INTRODUCTION 
1. Seagrass 
Seagrass are marine, monocotyledonous flowering plants (angiosperms) comprising 
approximately about 0.02% of angiosperm flora of the world ((McGlathery 2008)). These 
plants are closely related to terrestrial lillies and gingers and had evolved from land plants 
around 100 million years ago (MESA 2019). Certain morphological features like leaves, roots, 
flowers, seeds and conducting tissues are similar in both land plants and seagrass (Florida Fish 
and Wildlife Conservation Commission 2019). However, seagrass have adapted to the marine 
environment through a number of unique traits, including submarine pollination, salinity 
tolerance and internal gas transport (McGlathery 2008). Additional adaptation to the marine 
environment include ability to take up inorganic carbon from water, while  nutrient 
requirements can be taken up through the roots or directly from the water columns through the 
leaves. Their underground rhizome systems is supplied with oxygen from the leaves through a 
system via a system of air- filled channels within the tissue. Even though these plants are 
submerged, reproduction takes place sexually where pollination is mediated by local water 
currents (Borum et al. 2019)  
1.1. Economic Importance of Seagrass 
Across the world, seagrass form important habitats by providing a variety of ecosystem 
services. It is estimated that seagrass provides more than $1.9 trillion per year in ecosystem 
service in the form of nutrient cycling, food sources and providing habitant for a wide variety 
of aquatic animals (Waycott et al. 2009). Moreover, seagrass roots and rhizomes help to 
stabilize the seafloors and prevent sediment erosion and thereby contribute significantly to 
reducing coastal erosion. Seagrass also provides a substratum for epiphytes and can be used as 
a source of food for marine animals (Paramasivam et al. 2015). They also help in fixing the 
carbon dioxide through photosynthesis and converts it into the organic carbon which ultimately 
helps with the growth of seagrass and biomass production. High rate of biomass production 
results in release of oxygen in the surrounding water as a byproduct of Photosynthesis (Borum 
et al. 2019). In addition, seagrass leaves reduce the water movement and favors the retention 
of suspended particles both living and dead; acting as a filter (Borum et al. 2019). 
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1.2. Distribution  
Seagrass are distributed worldwide in coastal zones of every continent except Antarctica. It 
covers about 10% of total coastal habitats (McGlathery 2008). Seagrass are evolved from land 
plants 100 million years ago and comprise approximately 72 species belonging to four major 
groups (Pamela 2019). Seagrass are most prominent at depth of 1 to 3 meters, however 
Halophila decipiens can be found at the depth of 58 meters (Pamela 2019).  The diversity of 
seagrass is low in compared to aquatic plants or terrestrial plant communities. There is a natural 
trend of gradual decrease in species diversity when we move from equatorial to higher latitude 
regions (McGlathery 2008).  
 
Figure 1: World map representing the species distribution of seagrass: a) Shade of Green represents 
number of seagrass present for a given area, with darker shades representing the presence of more 
species (Short et al. 2007). 
1.3. Seagrass in Australia 
The Australian coastline measures 51,000 km and contains the largest, most diverse seagrass 
assemblage in world (MESA 2019). They are mostly distributed in estuaries and sheltered bays 
where ocean currents is low. More than 30 species exist in Australian waters. The number of 
seagrass species in New South Wales is 8, Queensland is 15, South Australia is 22, Tasmania 
is 5, Western Australia is 27, Northern Territory is 10 and Victoria is 6 (MESA 2019). Western 
Australia has the largest population of seagrass covering 20,000 km of sea bed (MESA 2019). 
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1.4. Seagrass in Victoria 
The main areas of seagrass existence in Victoria are Corner Inlet in Gippsland, Port Phillip Bay 
and Western Port Bay (MESA 2019). The common genera which dominate in estuaries and 
coastal lagoons are Zostera, Heterozotera and Halophila. Posidonia and Amphibolis whereas 
Ruppia meadows are commonly found in freshwater environments (Seagrass- Watch 2015). 
The main species found in Victorian sea water are Heterozostera nigricaulis, Zostera 
muellerai, Posidonia australis, Halophila australis and Amphibolis Antarctica (Agriculture 
Victoria 2019). Species belonging to the family Zosteraceae are commonly known as eelgrass 
and dominates sheltered bays and inlets of Victoria. For instance, Z. muellerai are found in the 
intertidal zones and H.  nigricaulis in the sub tidal zones. P. australis is the species which 
inhabits the shallow sub tidal zone and is commonly found in Corner Inlet of Victoria 
(Agriculture Victoria 1996-2019).   
   
 





1.5. Die-back of seagrass 
Despite of their great importance to marine ecosystems, seagrass meadows are experiencing 
high rates of loss in many parts of the world. The rate of loss has increased by 7% since 1990 
(Waycott et al. 2009). The confirmation of loss of seagrass from the six global seagrass 
bioregions (sites not evenly distributed) was first reported by Waycott et al. (2009). They 
conducted a study on coastal ecosystems and found that the seagrass is disappearing at a rate 
of 110 km2 yr−1 worldwide since 1980 and that 29% of the known area extent has disappeared 
since seagrass areas were initially recorded in 1879. 
1.6. Threats to seagrass 
Both anthropogenic practices and natural processes are thought to be responsible for seagrass 
loss. Anthropogenic causes includes human impacts such as excess nutrients or contaminants 
in water either from waste water from industrial and urban sources or agricultural run-off. 
Eutrophication can cause the blooming of algae and excess growth of algae over seagrass. 
Another cause can be due to increased sea bed dredging which involves the removal of bottom 
sediments. Boat traffic can also be another reason for seagrass loss as anchors and mooring 
chains from boats can also damage seagrass beds (MESA 2019).  Natural causes of seagrass 
loss include cyclones, storms and tsunamis and changing climatic condition i.e. increased 
amount of carbondioxide and decreased rate of pH (MESA 2019). Certain climatic conditions 
can also be initiated by human beings such as pollution, land run off, nutrient loading, urban 
expansion and poorly planned coastal infrastructures (Brodi and N’Yeurt 2018). Some seagrass 
meadows are dominated by a single seagrass species which is susceptible to disease like 
“wasting disease” resulting in the killing of 90% of Zostera marina of North Atlantic (Waycott 
et al. 2009). Up till now, seagrass pathology has mostly focused on an etiological agent of 
seagrass wasting disease known as Labyrinthula (Sullivan et al. 2018). Also reports of other 
seagrass pathogen like Plasmodium bicaudata and Plasmodiophora diplantherae have been 
discovered but are very rare. They mostly cause short galls in Zostera and Halodule (Sullivan 
et al. 2018).  Recently two additional pathogens namely Phytophthora gemini and 
Halophytophthora zostera have been described, which not only affect the viability of the seeds 







 The genus Phytophthora from the class Oomycota and Kingdom Mycota is considered to be a 
major group of plant pathogens, causing various diseases in agricultural crops and the natural 
environment in Australia and all over the world. Over 170 different species of Phytophthora 
have been described even though 100-500 undiscovered species are estimated to exist (Brasier 
2009).  Most of these species are soil-borne and are difficult to control. Anton de Bary (1876) 
was the first to identify and describe a Phytophthora species namely P. infestans. This species 
causes loss of billions of euros damaging the potato cultivation of European Union (Drenth et 
al 2006). During 1845-1849, the Great Famine also known as Irish Potato Famine occurred in 
Ireland. As a result, potato crops failed with the pathogen vigorously destroying the leaves and 
tubers of the potato plant (Makyr 2019).  The causative agent for this economic loss was due 
to late blight caused by Phytophthora infestans. Similarly, Phytophthora cinnamomi and 
Phytophthora ramorum can cause die-offs of Australian and Californian plant species 
respectively (Drenth et al. 2006).  Most Phytophthora species are plant pathogens and play a 
pivotal role in the destruction of trees, ornamental and crop plants. In Australia, in 2006 it was 
estimated to cause agricultural losses of about AU $250 million/year (Drenth et al. 2006).   
The majority of the identified pathogenic Phytophthora species are terrestrial, with only a few 
marine species having been described to date and there exists a distinct gap in knowledge about 
marine Phytophthora and their pathogenicity. Due to the variety of different species, 
Phytophthora are difficult to identify on the basis of morphology alone, hence molecular 
sequencing has become important for the identification process.  
2.1. Characteristics of Phytophthora  
Phytophthora mycelia is profusely branched, consisting of aseptate, hyaline, coenocytic and 
somewhat thick hyphae (4-8µm) in diameter. The hyphal walls are composed mainly of 
cellulose. The cytoplasm consists of scattered nuclei, dictyosomes, mitochondria, ribosomes 
and many large vacuoles (Khandelwal 2018).  The hyphae elaborates into the intercellular 
spaces between the cells and are called intercellular hyphae. Other hyphae penetrates, 
transverse and ultimately leave the cell and are known as intracellular or trans- cellular hyphae. 
Haustoria develops in the intercellular hypha.  
Unlike true fungi, Phytophthora grow by the means of filamentous structure called hypha and 
also produce spores. However, the pathogen differs from fungi by containing cellulose in the 
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cell wall and also lack cross- walls in their hypha. Also one of the distinguishing characters of 
Phytophthora is the presence of swimming spores called zoospores which is absent in Fungi 
(Parke and Eberhart 2019). 
Phytophthora can reproduce both by asexual and sexual methods. Asexual reproduction takes 
place either by .the help of bi-flagellated, motile and one- celled zoospores or germinates 
directly by germ tube (Parke and Eberhart 2019). The sexual reproduction in Phytophthora is 
oogamous type (female gamete is bigger than male gamete and is non- motile). As a result of 
fertilization between antheridium and oogonium, oospores are formed. Oospores are the resting 
spores and germinates during favorable conditions (Khandelwal 2018).  
2.2. Halophytophthora 
Halophytophthora, belonging to family Pythiaceae and order Peronosporales are mostly found 
in saline systems. They are mostly known as saprophytic organisms which play vital role in 
decomposition of mangrove ecosystems (Govers et al. 2016). However, certain 
Halophytophthora have been reported to act as pathogens under favorable conditions (Govers 
et al. 2016). Halophytophthora has similar characteristics to Phytophthora and infection rate 
as high as 67 % (Govers et al. 2016). Moreover, these species are pathogenic resulting in the 
occurrence of seed mortality (Govers et al. 2016). In addition to the potential for infection of 
seagrasses , studies has shown that Halophytophthora is widespread and had already been 
isolated from the leaves and seeds of Zostera marina from several locations around the world 
including north America and Europe (Govers et al. 2016; Govers et al. 2017; Man in’t Veld et 
al. 2018) 
2.3. Global distribution of Phytophthora and Halophytophthora in marine 
environmnets  
Over 20 different Phytophthora species have been isolated from fresh and salt water around 
the world which also includes several undescribed species (Hong et al. 2008). Compared to 
terrestrial Phytophthora, little is known about the marine Phytophthora species.  Zeng et al. 
(2009) conducted an experiment on decaying Rhizophora leaves submerged in sea water and 
concluded that the leaves were infected by Phytophthora insolita from the estuarine 
environment of Hainan Island, South China. Similarly, the same pathogen was described from 
the Phillipinnes by Bennett and Thines in 2017. Phytophthora insolita strain H3YB was 
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isolated from the fallen senescent mangrove leaves in Hini Yaran, Negros Occidental, 
Phillipines. 
Man et al. (2011) conducted a study in the Netherlands and identified on strains belonging to 
the genus Phytophthora. The species were isolated from the decaying leaves and seeds of the 
seagrass (Zostera marinia). They characterized Phytophthora species by morphology, isozyme 
genotyping by the use of malate dehydrogenase and isocitrate dehydrogenase and ITS sequence 
analysis. Their experiment concluded with the discovery of two novel species Phytophthora 
gemini nov. and Phytophthora inundata. The former one was found only from marine habitats 
whereas the latter one was recovered from both fresh water and sea water. Similarly, in an 
experiment conducted by Govers et al. (2016), they investigated the occurrence and 
pathogenicity of marine Phythophthora in seagrass beds across six Northern hemisphere 
countries (Sweden, Denmark, Germany, United States, Netherlands and France) for the first 
time. Their also research led to the identification of two new species; -Phytophthora gemini 
and Halophytophthora sp. Zostera. In addition to this, they also tested the effect of 
Halophytophthora sp. and P. gemini on Z. marina seed germination under several 
environmental conditions (e.g. winter temperature, sediment type). Moreover, they also 
confirmed that Phytophthora and Halophytophthora species are more common in Zostera 
marina and associated it with decreasing seed germination of the eelgrass by decreasing seed 
germination. Their findings have significant implications for restoration and conservation 
efforts of seagrass. 
Guo et al. (2016) conducted investigations on the marine estuarine environment of Brazil and 
described two different species of Phytophthora from two different plant species. One was 
found to be Phytophthora estuarina isolated from Laguncularia racemosa (white mangrove) 
and another is Phytophthora rhizophorae from Rhizophora mangle (Red mangrove). Both of 
these mangroves are the major species dominating the estuarine marine environment of Brazil 
which was found to be destroyed due to the oomycetes pathogen in the natural habitat. 
Bennett et al. (2017) also described Phytophthora elongata from the estuarine mangrove 
species of Phillipines. They isolated the pathogen from mangrove leaf litter in the coastal area. 
The authors suggested that Phytophthora elongata which is a pathogen of woody angiosperms 
might have been introduced to the area from Australia when Eucalyptus trees were imported.  
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Govers et al. (2017) have discussed ways for reduction of infection from Phytophthora and 
Halophytophthora on Zostera marina seeds.  For this method they used copper treatment 
during storage witsh three different concentrations.  As a result, they found that the 
concentration of 0.2 works effectively to reduce infection by Phytophthora and 
Halophytophthora. However they recommended seed treatment by copper sulphate for storing 
seeds restoration but not as a method of treating Phytophthora and Halophytophthora 
infections in the natural environment. This is one of the successful, inexpensive and simple 
method for storing seeds for restoration purposes. They concluded that copper sulphate 
treatment was suitable for disinfecting Phytophthora or Halophytophthora infected Zostera 
seeds. 
Recently Man in’t Veld et al. (2018) had isolated three different species of Phytophthora from 
Zostera marina from the Northern Hemisphere including Denmark, Netherlands, Sweden and 
Virginia, U.S. The species which are isolated are Phytophthora gemini, Phytophthora inundata 
and Phytophthora chesapeakensis sp. nov. Also in their study they found three new strains of 
Halophytophthora species; Halophytophthora sp-1, Halophytophthora sp-3 and 
Halophytophthora sp-4 through baiting.  
2.4. Marine Phytophthora in Australia 
In Australia most of the Phytophthora surveys in aquatic ecoystems are focused on soil samples 
and symptoms seen on plant tissues (Burgess et al. 2009). Davison et al. 2005 found 
Phytophthora cinnamomi var parvispora and two unknown species related to Phytophthora 
insolita from the Ord River Irrigation Scheme (ORIA), Kununurra. This is one of the important 
horticultural region of Westen Australia. Similarly nine different species of Phytophthora have 
been isolated from Victorian streams (Smith et al. 2009). However, little is known as to whether 
Halophytophthora species are present in Australia and whether these or Phytophthora species 
are found associated with seagrass meadows. Given the significant declines in seagrass in some 
areas around Australia, a better understanding of the presence and prevalence of Phytophthora 
and Halophytophthora is needed. 
This project aims to address this knowledge gap and investigates the presence and prevalence 




3. Aims of the Project 
 To date, studies and research has focused on terrestrial habitats of Phytophthora, particularly 
in Australia. In this project, we are interested in determining the presence and effect of 
Phytophthora or Halophytophthora species on seagrass beds in Victoria, Australia. More 
specifically, this project aims to;  
➢ Determine the presence of Phytophthora or Halophytophthora in marine habitats 
within Victoria, Australia, using baiting and direct isolation approaches.  
➢ Determining and identifying any isolated organism up to the species level by using 
molecular techniques.  
➢ Investigate the potential infection of Australian seagrass species by Phytophthora or 
Halophytophthora.   
➢ Assist in providing knowledge to facilitate management strategies for the protection 
and restoration on seagrass beds from the effect of Phytophthora.  
 












CHAPTER II: MATERIALS AND METHODS 
1. Study Area 
The research work was carried at eight different sites across Victoria. These sites were chosen 
on the basis of the presence of seagrass meadows. An initial field survey of several sites in Port 
Phillip Bay was undertaken in September 2018 and included the sites: Queenscliff, Point 
Henry, Portarlington and Avalon. A second broader scale field survey was then undertaken in 
February-March 2019 and included sites at Warrnambool, Apollo Bay, Curdies Inlet, 
Peterborough and Crib point, Western Port Bay. A map of the study area showing the collection 








Table 1: GPS coordinates of the fieldwork locations across Victoria.  
 
Locations   GPS Coordinates                                                                        
Western Port Bay   -38.21189S        145.13019 E 
    
Queenscliff   -38.265116S       144.671187E 
 
Warrnambool   -38.225434S   142.291617E 
 
Apollo Bay    -38.445999 S       143.385999E 
 
Point Henry   -38.08301 S      144.253144E 
 
Portarlington   -38.114586 S    144.652115E 
 
Avalon Beach    -38.02132S        144.28599E 
 








Figure 3: Map showing different locations of Fieldwork for Baiting and collection of Seagrass 
around Victoria (Maroon: Warrnambool, Purple: Peterborough, Red: Apollo Bay, Yellow: 
Point Henry, Black: Avalon, Grey: Portarlington, Green: Queenscliff and Blue: Western Port 
Bay) 
2. Sampling and Isolation of microorganisms 
2.1. Baiting 
 Baiting was undertaken to test for the presence of Phytophthora at sites within Victoria. 
Baiting was undertaken using apples (variety Granny Smith) (Phytosphere Research 2019).  
Two apples were put into a clean plastic  berley basket (12.5 cm width) (Figure 4), attached to 
the sand anchor with rope along with a small foam float to aid with locating the set-up in the 
marine environment. These set- ups were manually put by pushing the sand anchor into the 
sediments. This set up was conducted for the preliminary fieldwork done on December 2017 
(Queenscliff and Point Henry) and September 2018 (Queenscliff, Point Henry, Portarlington 





Figure 4: Set- up for the baiting procedure. The container is the plastic Berley bucket with lid 
attached with the metal pegs and a small floater (orange color). The metal pegs helps to anchor 
in the sediment and floater acts as markers for the location of bait set up. 
For the field visit conducted on February 2019, along with green apples, leaves of 
Rhododendron sp. (cultivar Winsome, Wombat Gully Plant Farm, Geelong, Australia ) and 
leaves of Prunus lusitanica (Portugal Laurel, Wombat Gully Plant Farm, Geelong, Australia)  
which has been shown to be easily infected by marine Phytophthora has been used. Two apples 
and three leaves of Rhododendron and three leaves of Prunus lusitanica were scared using a 
sharp blade and then placed into a clean berley basket (12.5 cm width) (Figure 4), and anchored 
with rope along with a small foam float within Z. muelleri seagrass meadows. 
Three to four baits were left from 14 to 21 days in the field. Any brown lesions or mark on 
apples were cut and surface sterilized either by 0.5% (w/v) sodium hypochlorite (diluted 
bleach) or by 80% ethanol (w/v). 
When disinfecting with bleach, cut out lesions were placed in 0.5% bleach for 30 seconds and 






sterilized with 80% ethanol in the same manner. Lesions were then cut into smaller sections 
(approximately 0.5cm) and were then embedded in 9- cm petri-plates containing Parph-
oomycete selective media (corn meal agar 17gm/l, Rifampcin 0.01 gm/l, Pimaricin 800 µl/l, 
Ampicillin 0.13 gm/l, PCNB (Pentachloronitrobenzene) 0.15 gm/l and Hymexazol 0.07 gm/l) 
for the isolation of Phytophthora and Halophytophthora. The surface of the plates were covered 
with sterile sea water to a depth of 2mm. 
2.2. Direct seagrass testing 
Seagrass was collected from Queenscliff and Curdies Inlet Peterborough. Both freshly growing 
and broken leaves were collected from both the sites. Small section of leaves (0.5×0.5 cm) of 
Zostera muellerai with some dark-brown to black symptoms were cut as described by Man in’t 
Veld et al (2018). Some leaves were directly placed on Parph selective growth medium in 9-
cm Petri plates while some were surface sterilized with 80% ethanol in the same manner used 
for the apple lesions. The leaves were covered with some sterile sea water. The plates were 
then left in the dark at 18°C and were observed twice a week for the presence of microorganism 
growth. Any colonies observed were transferred to Potato Dextrose Agar (PDA) (agar 39 gm/l) 
plates for further growth and testing. 
2.3. Seed Testing 
Seeds were also examined for the presence of Phytophthora or Halophytophthora species. The 
seeds tested were collected from five different sites (Table 2). Following collection, seeds were 
washed with sterilized distilled water for two minutes, then incubated in 70% ethanol for 12 
minutes, followed by rinsing with sterilized water (Man in’t Veld et al. 2018). An additional 
incubation in 0.5% sodium hypochlorite (bleach) was done for 30 minutes followed by rinsing 
thrice with sterilized distilled water and then seeds were plated on Parph selective media. Five 
seeds per plate were placed in 9-cm Petri plates under natural light conditions at room 






Table 2: Summary of the baiting and collection sites of seagrass leaf and seeds in different 
parts of Victoria 
3. Morphology of Isolated microorganisms 
Three different types of growth media were used for observation of colony morphology of the 
isolated microorganisms. The media used for this was Potato Dextrose Agar (PDA), CV8 agar 
media (calcium carbonate 1.5 gm/l, V8 juice 150 ml/l , Bacteriological agar 15 gram/l) and 
PARPH media. In fresh media plates, round plugs (approximately 0.2cm) were removed from 
the middle portion of each plate in order for an infected plug to be introduced into the cavity. 
This was done to avoid the movement of an infected plug. Once an agar plug containing 
mycelia was introduced the plate was covered with autoclaved sea water. Plates were sealed 
with Parafilm (Bemis, USA) and were then stored at 20°C for further growth. Plates were 
observed on day 3, 5 and 7 after inoculation. Both photographs and measurement of colony 
growth was taken. Radii was measured from three different angles on each plate and an average 
was calculated. 
4. Colony growth in relation to water salinity 
Experiments were conducted to determine the influence of salinity on the growth rates of the 
isolated microorganisms. PDA plates were inoculated with mycelia as described in section 4 
and six experimental groups were examined. 1. No water 2. distilled water 3. sterilized distilled 
water 4. autoclaved sea water 5. 25% sea water and 75% distilled water   6. 50 % sea water and 
50 % distilled water. 
Four perpendicular lines were drawn on the back and front of the Petri plate. The agar plug was 
taken out from the actively growing colonies and were put on the centre of the Potato Dextrose 
plate. Three replicates were taken for each colony. Measurement was done on day 3, 5 and 7 
as mentioned in section 4. 
Baiting sites Seagrass leaf collection sites Seed collection site 
Queenscliff Queenscliff Point Henry 
Point Henry Peterborough (Curdies Inlet) Grand Scenic 
Portarlington  Point Richards 
Avalon  Swan Bay 
Western Port Bay  Point Edwards 
Warrnambool   
Apollo Bay   
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5. Influence of temperature on isolate growth 
Three replicate plates for each isolate were incubated in the dark at 4°C, 16°C, 20°C, 30°C and 
37°C. Agar plugs were then placed on the centre of PDA plates then covered with autoclaved 
sea water. Growth was measured as described for colony growth. Measurement of radial 
growth was conducted on 3, 5 and 7 days after inoculation. 
6. Statistical Analysis 
One- way ANOVA was used to determine whether statistical significant difference between 
the means of the groups exist. ANOVA was done for three different data a) the colony growth 
in different media, b) colony growth with reference to water salinity and c) influence of 
temperature on the colony growth. ANOVA was performed with Microsoft Excel. Statistical 
Package for the Social Sciences (SPSS) was also done after ANOVA test in order to determine 
if the mean values of the groups show any significant differences. 
7. Test of sporangia and inoculation of Capsicum seeds on seagrass 
This experiment was conducted to test the presence of sporangia (asexual zoospore forming 
structures), and if present, whether zoospores could be produced for seagrass infection. For this 
a method was developed based on that of Man in’t Veld et al. (2018) where, Capsicum annum 
seeds were placed in the actively growing colonies of PDA and were left at 20°C in the dark. 
When the seeds were fully colonized, they were transferred to water agar (Bacto agar 15gm/l) 
was and was covered with Mineral salt solutions (Calcium nitrate heptahydrate 3.08 gm/l, 
Magnesium sulphate heptahydrate 1.49 gm/l, Potassium nitrate 0.51 gm/l, and chelated iron 
solution 1ml/l (EDTA disodium salt 0.625 gm/l, Iron sulphate heptahydrate 1.245 gm/l, 
Potassium hydroxide 0.375 gm/l)) and were placed at room temperature in light. After two 
days, the produced mycelia of Halophytophthora was examined for the presence of sporangia. 
This was done by transferring some seeds to glass slides and scrapping off the hypha. Then, 
the portion was covered with a drop of water and sealed with cover slip as described by Man 
in’t Veld et al. (2018) and was observed using an Akioskop2 Plus (ZEISS) microscope.  
8. Hyphal inoculation of seagrass leaves 
For testing the effect of the oomycete pathogen on seagrass, the hypha of Halophytophthora 
along with the Capsicum seeds (fully colonized by the isolates) were placed on the leaves of 
seagrass 3 cm length. The seagrass along with the Capsicum annum seeds were left for four 
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hours in order to let the hypha of the isolates infect the seagrass. Then, the Capsicum annum 
seeds were removed and the seagrass were again placed in sea water for further infection. On 
Day 3 and Day 7, after inoculation, the 3 cm length of seagrass segment were cut 
(Approximately 0.5 cm size). The process of surface sterilization was done for the cut segments 
by placing the segments on 70% ethanol for 30 seconds and then washing it with sterilized 
distilled water for 3-4 times. Then, those segments were inoculated in Narph- oomycete 
selective media (corn meal agar 17 gm/l, Rifampcin 0.01 gm/l,  Nystatin 1 ml/l, Ampicillin 1.3 
µl/l, PCNB 0.15 gm/l and Hymexazol 50 mg/l) plates covered with autoclaved sea water at 
18°C in dark. The number of segments infected were counted and the average infection rate 
was measured. 
9. DNA Extraction 
Extraction of DNA from samples grown from Queenscliff and Point Henry was performed with 
a FastDNA®Spin Kit from MP Biomedicals (Solon, USA). The protocol as per the 
manufacturer was followed. Briefly, 0.25 gram of mycelium was removed from the margin of 
4- day old PDA cultures.  Then the samples were put into 2ml tubes containing Lysing matrix 
A, containing irregularly shaped granite particles and a single ¼ inch ceramic sphere. In 
presence of 1 ml of Cell Lysis Solution (CLS-Y) FastPrep® Instrument was used for 
homogenization for 40 seconds at a setting of 6.0 in presence of. CLS- Y is the preferred 
solution for isolating DNA from yeast, fungi and algae. After lysis, samples were centrifuged 
to pellet debris and lysing matrix. DNA was purified from the supernatant with a silica- based 
GeneClean® procedure using spin filters. Finally DNA was eluted in 100µl of DES (DNAse 
free Water). 
Similarly isolates of Western Port Bay, Warrnambool and Apollo Bay was done by using 
DNAeasy®Powersoil Kit from Qiagen (Hilden, Germany). The procedure was followed as per 
manufacturer’s protocol. Briefly, 0.25 gram of sample was taken into 2 ml tube containing 
powerbead. The tube was homogenized with FastPrep® Instrument for 40 seconds at a specific 
setting of 6.0 in presence of 60 µl C1 solution. The sample was centrifuged after addition of 
each solution (C2, C3, C4 and C5) at 10,000×g for 1 minute. Also after addition of C2 and C3 
solution, the solution was incubated at 4°C for 5 minutes. Lastly, DNA was eluted by addition 
of 100 µl of C6 solution to the centre of MB spin column. 
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The isolated genomic DNA was then quantified by using Nanodrop ND-1000 
Spectrophotometer (ThermoFisher scientific, Waltham, Massachusetts, US) 1 µl of DNA was 
put in the spectrophotometer and the absorbance and concentration was recorded. Here, the 
ratio of 260:280 nm absorbance is used as an indicator of purity of nucleic acid samples. If the 
absorbance ratio was above 1.8, the isolated DNA was considered to be clean and if the ratio 
was below 1.8, the isolated DNA was thought to have some proteins along with it (Desjardins 
& Conklin 2010). The process was continued with Polymerase Chain Reaction. 
10. PCR and DNA sequencing 
Molecular identification of Phytophthora and Halophytophthora was undertaken by using 
primers ITS1 (TCCGTAGGTGAACCTGCGG) and ITS4 (TCCTCCGCTTATTGATATGC) 
(White et al. 1990). These primers helps in specifying the exact DNA which has to be amplified. 
Go-taq (Promega (Madison, WI, USA) used here is a ready-to-use solution consisting of Taq 
DNA polymerase, dNTPs, MgCl2 and reaction buffers. It contains two dyes (blue and yellow) 
which monitors the progress during electrophoresis (Promega 2019). PCR was performed by 
using the samples extracted from Fast Prep extraction kit. The following table was used as a 










S.N. PCR Reagent 1×Volume 6.6 ×Master Mix 
(µl) 
1. Sterilized Distilled water 8.0 µl 52.8 
2. Go- Taq mix 10 µl 66 
3. Primer ITS1 (10µm) 0.5 µl 3.3 
4. Primer ITS4 (10µm) 0.5 µl 3.3 
 Total Volume  125.4 µl 
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Table 4: PCR cycling parameters 
The above table shown is the master mix prepared for 6 tubes. Whenever we make master mix, 
we always make it 10% more than the actual tube numbers. Finally, each PCR tube consist of 
19 µl of PCR master mix and 1 µl of extracted DNA sample (approximately 65-70 ng). Then 
prepared tubes were ran by using following Mastercycler Nexus GX2, Eppendorf (Hamburg, 
Germany). 
Gel electrophoresis was performed using 2 µl of PCR product and 1 µl of 6× Bromophenol 
Blue loading Solution (Biolabs, Ipswich, Massachusetts, US). 1 % (w/v) agarose gel which 
separates the DNA products in the basis of size and charge in 5×TBE buffer (Tris base 54 gm/l, 
Boric acid 27.5 gm/l and EDTA 0.5 M/l) was prepared and 3 µl per 100 ml Gel Red (Promega 
(Madison, WI, USA)) was added to the agarose. Electrophoresis was run for about an hour and 
the bands were visualized in a Gene Genious Gel Imaging system (Syngene). The size of 
amplicon was estimated by comparing with 1kb DNA ladder (Bioline). PCR products were 
purified by using Wizard SV-Gel and PCR Clean Up system, Promega (Madison, WI, USA) 
by using manufacturer’s protocol. Also for some samples (mostly with two bands), the DNA 
bands had been excised. For this, the agarose gel with bands were placed on Blue- light 
transilluminator, then appropriate bands were cut and then transferred into the weighed 1.5 ml 
eppendorf tubes. These gels were purified by using Qiaquick®Gel Extraction Kit, Qiagen 
(Hilen, Germany). After clean up the clean DNA was once again quantified with Nanodrop 
ND-1000 Spectrophotometer. Then the tubes were prepared for Sanger sequencing that was 
performed by the Australian Genome Research Facility (AGRF, Melbourne, Australia). For 
Sanger sequencing, samples were prepared in a 1.5 ml tube. As per AGRF recommendations, 
30-75 ng DNA for > 800 base pair fragment, 1 µl of 10 µm Primer is added to make 12 µl of 
total volume (Nuclease Free water). For each sample two tubes were prepared, one with 
forward primer (ITS1) and another with reverse primer (ITS4). Tubes were sent to AGRF for 
sequencing via the post. 
S.N Process Temperature Time  
1 Initial denaturation step 94°C 2 min 
2 Denaturation 94°C 30 sec 
3 Annealing 53°C 30 sec 
4 Extension 72°C 2 min 
Repeat step 2 to 4 for 39 cycles 
5 Final extension 72°C 10 min 
Hold at 4°C until further analysed 
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The files received after sequencing was further analyzed using the program Benchling (2012). 
This software tool helps in edition of DNA sequence, designing and running experiments and 
analyses molecular data (Benchling 2012).  In this study, this program aided in viewing the 
sequences from the files received from AGRF. These sequences were then searched for 
similarity to existing database sequences using Blast (Basic Local Alignment Search Tool) 
produced by NCBI (National Center for Biotechnology Information) 
(https://blast.ncbi.nlm.nih.gov). This allows identification of isolates to align with sequences 


















CHAPTER III: RESULTS 
1. Sampling and Isolation of microorganisms  
1.1.Identification of potential pathogen through field baiting 
The baiting trials identified 9 isolates on the selective media plates from samples obtained at 
Queenscliff and Point Henry. No colony growth was observed on selective plates containing 
the apple lesions collected from Portarlington at the same sampling trial in 2018 (Table 5). In 
case of Western Port Bay sampling conducted in 2019, two isolates from each (apples, 
Rhododendron leaves and Prunus leaves) were observed. Similarly two isolates each (Apples, 
Rhododendron and Prunus) from Apollo Bay showed colony growth. All these isolates were 
transferred to Potato Dextrose Agar (PDA) for further growth. After this the plates were further 

























Table 5: Overview of field-based data showing different locations along with the lesions 
appeared in apples/Rhododendron leaves/Prunus leaves, number of plates prepared, date of 
plating and date of colony growth observed. 
1.2. Determination of potential oomycete pathogens through direct seagrass Testing 
 As an alternate oomycete detection method, Zostera muellerai leaves were directly inoculated 
on Parph plates to test if any isolates could be found. Both fresh leaves and detached leaves 
collected from the bank of the waterways were used. Both sterile and non- sterile leaves were 
plated (Table 6). Non-sterile leaves were also plated to observe if there is presence of 




















1. Queenscliff Apples 11th Oct, 2018 5 Parph 16th Oct, 
2018 
2. Portarlington Apples 11th Oct, 2018 5 Parph 
3. Point Henry Apples 11th Oct, 2018 5 Parph 16th Oct, 
2018 
4.  Western Port 
Bay 
Apples 28th Feb, 2019 5 Parph 4th March, 
2019 
  Rhododendron 
leaves (without 
lesion) 
28th Feb, 2019 2 Parph 4th March, 
2019 
  Rhododendron 
leaves (with lesion) 
28th Feb, 2019 2 Parph 4th March, 
2019 
  Prunus leaves (with 
lesion) 
28th Feb, 2019 2 Parph 4th March, 
2019 
5. Apollo Bay Apples  15th March, 2019 2 Parph 18th March, 
2019 
  Rhododendron 
leaves (with lesions) 
15th March, 2019 2 Parph 18th March, 
2019 
  Prunus leaves 
(without lesion) 






Table 6: Location of seagrass collected along with the days of colony growth observed. None 
































1. Queenscliff Zostera 
muellerai  
Fresh  Parph No colony 
growth 
observed 












Parph 4 days after 
inoculation 

















Figure 5: Plates showing seagrass of Queenscliff set up on Parph Plates where no colony 
growth was observed (a); PDA plate showing colony growth of Peterborough (non- sterile 
Zostera) after transferring from Parph Plates (b). The scale bar represents the size of 20 mm in 
both the cases. 
1.3. Identification of potential pathogen through seed testing 
Seeds were collected from five different sites of Victoria i.e. Point Henry, Grand Scenic, Point 
Richards, Swan Bay and Point Edwards and used for testing the presence of pathogen. The 











Table 7: Locations of seed collected along with number of plates set up and number of seeds 





Number of plates set up Media used Number of 
seeds used 
Remarks 
  Sterile Non- sterile    
1 Point Henry 2 2 Parph 5 No colony 
growth  2 Grand 
Scenic 
2 2 Parph 5 
3 Point 
Richards 
2 2 Parph 5 
4 Swan Bay 2 1 Parph 5 
5 Point 
Edwards 




Figure 6: Plate showing seeds inoculated on the Parph plates. Each plate was set up with five 
seeds. No colony growth was observed even after one month of plating. The scale bar 
represents 20 mm size. 
2. Morphology and growth rate measurements of Isolated Microorganisms 
For initial identification, isolates which were growing on PDA plates were analyzed 
morphologically. Two  isolates (Isolate 1 and Isolate 2) initially obtained in this study were 
used for this process. Isolate 1 was obtained from a preliminary baiting experiment (data not 
shown).  The plates for Isolate 1 and Isolate 2 was set up on different growth media (PDA, 
Parph and CV8) and were photographed for their plate morphological structure. The colony 
growth of Isolate 1 showed a rosette structure on PDA, CV8 and Parph plates. However, Isolate 
2 showed rosette structure ony when grown on PDA plates. On Parph and CV8 plate, Isolate 2 















Figure 7 : Colony morphology of Isolate 1 on PDA, Parph and CV8 plates (B, C, E); Colony morphology of Isolate 2 on PDA, Parph and CV8 plates (A, D, F).  The figure shows the 
morphological structure of two isolates when grown on three different media. Scale bar in each figure represents 20 mm size.
A B C 
D E F 
 
Radial measurement of colony growth for each media of two isolates; Isolate 1 and Isolate2 
was also done. Growth rate was measured on 4, 6 and 8 days after plate inoculation in dark at 
20°C. Growth was observed to be the fastest on CV8 plates in comparison to PDA and Parph 
plates. On Day 6 and Day 8, the colony of both the isolates seem to cover the CV8 plate as 
compared to PDA and Parph plates (Figure 8)
 
 
Figure 8: Colony growth rate measurement of Isolate 1 and Isolate 2. Each bar represents 
growth on Day 8 on CV8, Parph and PDA media respectively. Average radial growth rate 
represents the mean colony growth of isolates on Day 8. Upper cases and lower cases above 
the error bars depict the statistical difference between the colony growth of Isolate 1 and Isolate 
2 respectively on Day 8 of inoculation. 
All measurements shown in Figure 8 are the mean averages of radial colony growth in three 
different media. Error bar represents the standard error of the mean. 
3. Colony growth in relation to water salinity 
While these isolates were obtained from the marine environment, experiments were conducted 
to determine whether the microorganisms require water for growth, and whether they are 
influenced by water salinity. It was found that Isolate1 showed optimal colony growth in the 
presence of 100% sea water (Figure 9). Importantly, for Isolate2, growth was still observed for 
all salinities, along with the plates that were not irrigated with water (Figure 9). In both the 




































Figure 9: Isolate 1 and Isolate 2 colony growth on six different conditions. The radii of colony 
was measured on Day 2, Day 4 and Day 6. Average radial growth rate represents the mean 
growth of isolates on Day 6 only. The upper cases and lower cases above the error bars 
represent the statistical difference between the colony growth of Isolate 1 and Isolate 2 
respectively on Day 6 of inoculation. 
The measurements shown above are the mean average of radial colony growth in six different 
forms of water. Error bars represent the standard error of the mean. 
4. Influence of temperature on isolate growth 
To determine temperature growth profiles for the isolates, five different temperatures (4°C, 
16°C, 20°C, 30°C and 37°C) were measure. A terrestrial oomycete, Phytophthora cinnamomi 
was used as a control, which showed maximum growth rate at 30°C. Isolate 1 showed 
maximum growth at 20°C (Figure 10a) and Isolate 2 showed maximum growth at 16°C (Figure 
10b). At 4°C, Isolate 2 showed a minimal colony growth however Phytophthora cinnamomi 













































Figure 10: Colony growth rate of Isolate 1 and Isolate 2. Maximum growth rate for Isolate 1 






























































The measurements shown above are mean averages of radial colony growth from five different 
temperatures. Error bar represent the standard error of the means. The alphabets above the error 
bars represent statistical difference between the groups on Day 7 of colony growth. 
5. Test of Sporangia and zoospores release 
No sporangia or zoospores were observed from the hyphal growth on Capsicum seeds. Only 
hypha of the isolates was present which was photographed (Figure 11). This indicated that the 
isolates obtained could be from the genus Halophytophthora as it has been described that they 












Figure 11: Hyphal structure of Isolate 2 as observed under bright field microscopy (200 X 
Magnitude). No sporangium or released zoospores were observed. For Isolate 1, the hyphal 
structure was similar (catenulate hyphal structure) so only hypha of Isolate 2 was photographed. 
6. Inoculation on seagrass for pathogenicity studies 
This experiment was conducted to assess whether the cultured isolates were able to infect 
healthy seagrass leaves and hence pose a potential threat. This was done by using infected 
Capsicum annum seeds and inoculating seagrass with the seeds which were covered with 




confirmation of the result. The observation of the pathogenicity was done by embedding 
seagrass sections that were surface sterilized into Narph plates to determine whether the isolates 
will be able to infect the tissue.  It was found that inoculation of Zostera muellerai showed 
infection (Table 8). Here, we observed that both isolates (Isolate 1 and Isolate2) infect Zostera 
muellerai. However,  Heterozostera nigricaulis species showed no colony growth, which 
indicates that was not infected by either of the isolates. When comparing the pathogenic rate 
of spread through the leaf of Z. muellerai between isolate 1 and isolate 2, Isolate 1 seems to be 
more pathogenic than Isolate 2. In addition to all this, Isolate 2 was observed in some early 
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Isolate 1 (Z. 
muellerai) 








0.5 cm 0 0 7 3 
(42.85%) 










8 0 0 0 0 7 0 0 0 0 
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Table 8: Two experiments,with numbers of leaves infected and average growth rate of the 
isolates in the plate. Leaves infected was calculated on the basis of number of leaves infected 
to the total number of leaves. Average growth rate was measured on the basis of infection 
spread within the infected leaves 
 
 
Figure 12: Plate showing colony growth of leaf segments of Zostera muellerai leaves on Day 
7 after inoculation with Isolate 1. The infection assessment was done every 24 hours for 
ensuring the spread of the isolates. Segments were surface sterilized prior to plating on the 
selective media.  Scale bar in figure represents 20 mm size. 
7. DNA Extraction and ITS PCR for identification of isolates 
Polymerase Chain Reaction (PCR) was conducted using ITS1 and ITS4 primers run for all the 
samples. DNA extracted from 21 isolates obtained in the study (Appendix 1-5) Gel 
electrophoresis was done to confirm DNA bands of appropriate size (Fig. 13 and Fig. 14) . In 
the present study, PCR used for amplification of DNA proved to be successful. Except for one 
of the isolate from Apollo Bay, all other isolates were successfully amplified (Figure 14). Two 
samples; Apollo Bay apple sample (APB(1*)AP) and Western Port Bay (Rhododendron with 
lesion) (WPB(D)Rho were subsequently gel purified.. This was due to the presence of two 
Colony growth on 
Zostera muellerai 
containing hypha of 




bands on the gel (Figure 14). Once all PCR samples were purified, they were then sent to AGRF 













Figure 13: Gel Image of Agarose Gel electrophoresis (1% agarose) of PCR samples by using 
ITS1 and ITS4 primers (Queenscliff and Point Henry) Upper:  Lane 1: 1kb DNA marker, Lane 
2, 3and 6 (800-1000bp): Queenscliff isolates, Lane 4 and 5 (800-1000bp): Point Henry isolates. 





1 2 3 4 5 6 
















Figure 14: Gel Image of Agarose Gel Electrophoresis (1% agarose) of PCR samples by using 
ITS1 and ITS4 primers (Western Port Bay, Peterborough and Apollo Bay samples). Upper: 
Lane 1: 1kb DNA marker , Lane 2, 3 (1000-1500bp), 4 (200-400bp) and 5 (1000-1500 bp): 
Western Port Bay isolates, Lane 6 (400-600 bp): Peterborough isolate . Lower: Lane 1: 1 kb 
DNA marker, Lane 3 (600-800 bp): Apollo bay isolates, Lane 6 and 7 (600-800 bp): Control 
(Point Henry isolates)  
8. Sequence analysis of Queenscliff and Point Henry isolates 
From DNA sequence data I was able to determine the species present according to sequence 
homology using BLASTn. The most frequent species detected at Queenscliff and Point Henry 
1 2 3 4 5 6 
1 3 6 7 
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was Halophytopthoas polymorphica (strain CBS 680 84) and Halophytophthora sp. Zostera 
(strain CBS 140648) (Figure 15). 
Additional microorganisms were identified from the sites of Western Port Bay, Peterborough 
and Apollo Bay. Among them were the most common one were Phytophthora humicola 
(isolate SCVWD595), Phytophthora inundata (isolate Ort16) and Halophytophthora sp. 
Zostera (Figure 15). Other non-oomycete organisms which were identified were Trichoderma 






Table 9: Species of Halophytophthora and Phytophthora identified from different sites of 
Victoria. The species were identified with the closest homology match using BLASTn. Blast 
percentage is given in the Appendix 8 & 9. 
 
S.N. Name of Species  Year Host Locations 
1 Halophytophthora polymorphica 2017 Baiting Queenscliff 
2 Halophytophthora sp. Zostera 2018 Baiting Queenscliff 
  2018 Baiting Point Henry 
  2019 Baiting  Western Port Bay 
4 Phytophthora humicola 2019 Baiting Apollo Bay 




Figure 15: Map showing the distribution of Halophytophthora spp. and Phytophthora species 
collected in Apollo Bay (Black circle represents Phytophthora humicola (Apollo Bay), Pink 
circle represents Phytophthora inundata (Apollo Bay), Green circle represents 
Halophytophthora sp. Zostera (Point Henry, Queenscliff and Western Port Bay), Blue circle 










CHAPTER IV: DISCUSSION AND CONCLUSION 
4.1. DISCUSSION 
To date, very little is known about the presence of Phytophthora and Halophytophthora species 
in Victorian marine waterways containing seagrass beds.  This study showed that several 
Halophytophthora and Phytophthora species are widely distributed in marine environments 
across Victoria and are commonly found in seagrass beds. This is an important finding as recent 
reports from the Northern Hemisphere (e.g. Govers et al. 2016) suggest that such pathogens 
may be responsible for disease and loss of seagrasses.  
From a total of 21 isolates, detected throughout the surveys conducted in this project, two 
species of Halophytophthora and two species of Phytophthora had been identified by using 
ITS1 and ITS4 primers.  The species of Halophytophthora includes Halophytophthora 
polymorphica, Halophytophthora sp. Zostera and Halophytophthora strains (strain 
PD4636647, strain CBS140657 and CBS140648). The two species of Halophytophthora; 
Halophytophthora polymorphica and Halophytophthora sp. Zostera differ in certain 
characteristics. It was found the local isolate of Halophytophthora polymorphica grows 
optimally at 20°C temperature ad requires sea water for their growth however, 
Halophytophthora sp. Zostera grows at lower temperatures (16°C) and can even survive on a 
plate without submersion in water. The species of Phytophthora detected in this study were 
Phytophthora inundata and Phytophthora humicola. Only Halophytophthora species had been 
isolated from Queenscliff, Point Henry and Western Port Bay which are all the bay waterways 
while Phytophthora species had been observed only from the Apollo Bay site. In addition to 
all these species, the fungi Metschnikowia bicuspidata (Western Port Bay) and Trichoderma 
harzianum (Peterborough) were also identified but were not of direct interest to this study. 
Halophytophthora polymorphica was discovered as a new species from South America from 
the fallen mangroove leaves by Jesus et al. in 2016. Halophytophthora sp. Zostera had already 
been described by Govers et al. in 2016 from the marine ecosystems of several northern 
hemisphere countries. Similarly, Phytophthora inundata had been described by Man et al. in 
2011 from both the fresh and sea water and is reported from six hosts in Europe, Asia, Australia 
and U.S. (Huberli et al. 2013; Safaiefarahani et al. 2013). This species has also been identified 
by Man in’t Veld et al. 2018 from the Netherlands, Denmark from the halophilic plants.  
Phytophthora humicola, is a terrestrial pathogen observed first time from the soil of a citrus 
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orchard in Taiwan by Ko and Ann in 1985. The presence of Phytophthora humicola and 
Phytophthora inundata in marine environment may be due to the translocation from 
neighbouring terrestrial areas and transportation to the salt marshes by streams and rivers (Man 
in’t Veld et al. 2018). However, the ability of these pathogens to infect the seagrass has not 
been studied to date so it is unclear whether these Phytophthora species could be pathogenic 
to the seagrass. 
Metschnikowia bicuspidata and Trichoderma harzianum were identified from Western Port 
bay and Peterborough respectively. Metschnikowia bicuspidata are the single- celled fungal 
parasites of freshwater animals which can survive at temperatures between 9°C-27°C (Griebel 
and Gelarden 2019). In this study, this species was identified from the lesions seen on 
Rhododendron leaves. Here, it should be noted that all the brown lesions that were observed 
on the baits may not be infection with Phytophthora or Halophytophthora species. The brown 
lesions in the baits can be caused due to different factors other than disease e.g. salinity stress 
(Biebl & McRoy 1971) and temperature (Collier & Waycott 2014). Similarly Trichoderma 
harzianum is a fungus with reported use as bio control agent to protect plants against several 
fungal soil-borne plant pathogens (Green 1999). This species was observed from the detached 
leaf collected from Peterborough near the boat ramp. It should be noted here that the leaf which 
showed the colony growth grew on seagrass that was not surface sterilized so the fungus may 
have been growing saprophytically and was collected from the bank of the sea near to the land. 
So, it is likely that, Trichoderma was transported from land to the intertidal zones. Here, it 
should also be noted that the selective media which is being used i.e. Parph media consists of 
antibiotics encouraging the growth of Phytophthora and Halophytophthora species and 
preventing growth of other microorgainsms. However, the selective media can still permit the 
survival of some fungi and bacterial isolates. 
Samples successfully isolated in this study were mostly collected through the Baiting 
procedure. Unfortunately, during the project, the baits from Avalon and Warrnambool were 
not able to be retrieved. This is most likely due to the method of securing the baits in seagrass 
beds in an exposed area which resulted in the baits being stolen, causing loss of equipment, 
research time and reduction in data. Both Avalon and Warrnambool were very popular fishing 
sites, and the use of floats to locate the baits most likely drew attention of inquisitive anglers. 
For future investigation, it is suggested to put the baits in deeper water with the floats 
submerged so that the baits can be easily visible during collection. This can be done by the help 
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of scuba diving which requires specialized training and equipments. Another option for putting 
baits can be attaching the baits to permanent moorings such as piers, anchor buoys or mooring. 
This helps in fixing the berley basket position to the point on the bottom of a waterway rather 
than connecting to the surface providing protection from unwanted attention from the general 
public. However, all the piers and moorings throughout Port Philip Bay and Western Port Bay 
are managed under Park Victoria (park Victoria 2019) so permission would need to be sought 
for any such procedures. 
Along with baiting, direct testing of Seagrass and Seed Testing was conducted to determine 
whether these oomycete microorganisms could be detected directly from the seagrass material. 
No related pathogen was observed. Govers et al. 2016 was able to show the presence of 
Phytophthora gemini and Halophytophthora sp. Zostera in 99% of the seeds collected from 
five different sites of the world. For this, they selected the seeds focusing on the fully 
developed, mature seeds with a hardened seed coat. This was done in order to mimic the natural 
seed development and also to reduce the biasness between the seeds (Govers et al. 2016). In 
addition to the selection, they also smashed the seeds before plating them. In this study, neither 
seeds had been selected nor smashed, both of which can have contributed to the lack of 
detection found in the present study.  Man in’t Veld et al. (2018), tested both the seagrass and 
seeds collected from several locations of the world including Wadden Sea, Denmark, 
Netherlands, France, Sweden and Virginia, U.S. and were able to isolate the oomycetes species 
from all the sites. The same protocol had been used in this study. This suggests that in future, 
it will be more effective if the research is carried on with larger number of samples and a wide 
geographical area. Moreover, sampling of baits in different months of the year can be another 
good idea for exploring knowledge. 
Only two isolates (Isolate1: Halophytophthora polymorphica) and (Isolate 2: 
Halophytophthora sp. Zostera) were able to be taken into consideration for performing most 
of the growth and morphology experiments. This was due to the fact that these two isolates 
were analyzed during October, 2018. Other fieldworks were conducted on February 2019 
which did not allow sufficient time for equivalent experimentation. 
Three different strains of Halophytophthora (strain CBS140657, strain CBS140648 and strain 
PD4636647-C1) have also been identified from sequencing which has previously been 
submitted to Genebank (Central Bureau voor Schimmelcultures) This species are described in 
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the recent paper by Man in’t Veld et al. 2018, where they obtained the species from seeds in 
the Wadden Sea near the island of Scheiermonnikoog and Uithuizen (The Netherlands). In this 
study, they had kept all these strains under Halophytophthora sp-3 and said it is closely related 
with Halophytophthora vesicular (Man in’t Veld et al. 2018). In the present study, the same 
strains were isolated from baited apples and leaves of Rhododendron and Prunus. It should be 
noted here that Man in’t Veld et al. 2018 suggested Halophytophthora sp-3 to be causative 
agent of seeds disease of seagrass. Taken together, that, further research related in seed disease 
testing by the pathogen is necessary for protection of the potentially endangered seagrass beds 
in Victorian environment.  
In case of species distribution, across the locations investigated in this study, Halophytophthora 
sp. Zostera was found to occur in Queenscliff, Point Henry and Western Port Bay. However, 
Halophytophthora polymorphica was observed only in Queenscliff. The two species of 
Phytophthora; Phytophthora inundata and Phytophthora humicola was observed only from 
Apollo Bay. The water temperatures in Queenscliff, Point Henry, Western Port Bay and Apollo 
Bay are very similar (average maximum of 20°C and minimum 12°C (Global Sea water 2019) 
so the distribution of the species might be due to the geographical differences. It should be 
understood here that the samples of Apollo Bay were taken from an open river mouth. Hence, 
the species of Phytophthora detected in this area might be due to the movement of water from 
terrestrial environments. However, more research is needed to further understand possible 
differences in the distribution of these detected isolates. 
The colony growth observed with reference to sea water showed Halophytophthora 
polymorphica and Halophytophthora sp. Zostera grow optimally in presence of sea water 
suggesting that both the isolates can grow in high salinity (Queenscliff sea water salinity 35 
ppt). However, Halophytophthora sp. Zostera can also grow in absence of sea water suggesting 
that, the species can also grow in lower salinities with less infection (Govers et al.2017). This 
finding correlates with a recent paper by Thor et al. 2018 in which another oomycete pathogen 
Labyrinthula zosteraceae was observed to be inhibited by lower salinities (13-25 ppt) and was 
favored by higher salinities (above 25 ppt) (Thor et al. 2018). 
Colony growth rate of Halophytophthora polymorphica, Halophytophthora sp. Zostera and 
Phytophthora cinnamomi (used as a control) was maximum at 20°C, 16°C and 30°C 
respectively. The growth of Phytophthora seem to coincide with the paper described by Shearer 
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et al. in 1986. The paper describes that Phytophthora cinnamomi species show increase in 
growth between 10 to 30°C and decreases thereafter. The growth of Halophytophthora sp. 
Zostera seems to be interesting as it showed growth even at 4°C temperature. This correlates 
with Govers et al. 2016 findings, where she has described that Halophytophthora sp. Zostera 
can also grow in 5°C temperature. This suggest that Halophytophthora sp. Zostera can survive 
in very cold temperatures of North Atlantic and Northern Hemisphere (Govers et al. 2016; Man 
in’t Veld et al. 2018). This study showed that the maximum growth rates for the isolate is 
around the typical Victorian water temperatures (average maximum of 20°C and minimum 
12°C (Global Sea water 2019). Here, we can summarize that Halophytophthora sp. Zostera is 
well- suited to the local temperature. 
.Among the three different media used for the morphological study i.e. CV8, PDA and Parph 
selective media, colonies were found growing faster in CV8 plate. This correlates with the 
result given by Ferguson & Jeffers. 1999 where they have used V8 juice instead of corn- meal 
agar in Parph media. This modification of the media with V8 juice was found to be very useful 
for routine isolations of Phytophthora species is most popular and has been used worldwide 
(Ferguson and Jeffers 1999). 
Halophytophthora polymorphica and Halophytophthora sp. Zostera were both examined for 
the presence of sporangia and the ability to release zoospores. However, neither sporangia nor 
zoospores was seen through microscopy. This correlates with Govers et al. 2016 in her paper 
that Halophytophthora sporangia rarely grow while culturing. This is useful for identification 
but production of zoospores would be very beneficial for seagrass infection experiments. 
Hence, alternate seagrass inoculation techniques were developed in the current study. 
For the pathogenic studies, the two predominant seagrass species were used; Zostera muellerai 
and Heterozostera nigricaulis. From the experiments conducted Zostera muellerai showed 
some degree of infection by both Halophytophthora isolates: Isolate 1 and Isolate 2. The leaves 
of Zostera muellerai after inoculation with isolates 1 and 2, Isolate 1 showed the pathogenic 
infection on Day 3 and Isolate 2 showed infection only on Day 7. This can suggest that Isolate 
1 shows faster infection rate than Isolate 2. On other side, Heterozostera nigricaulis was not 
infected by either of the isolates. It must be noted, that the inoculation technique used in this 
study does not directly replicate the process that would occur in the natural environment and 
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hence must be interpreted with caution. It does, however, indicate that infection of these local 
species of seagrass is possible and certainly warrants further investigation. 
In the present study, DNA Sanger sequencing was done to determine similarity with known 
ITS sequences deposited in DNA databases for species identification. Sanger sequencing is 
99.9% accurate and is considered as “gold standard” for research sequencing a single DNA 
fragment at a time (Thermofisher Scientific 2015). Sanger sequencing method is an effective 
first-line approach for the molecular diagonosis and genetic testing (Totomoch et al 2017). 
However, recent sequencing like Next Generation Sequencing (NGS) had also become 
common because of it’s high through- put capabilities and low cost per sample (Totomoch et 
al. 2017). In future, NGS can be used as alternative to Sanger sequencing which can sequence 
millions of DNA fragments per run (Illumina 2019) 
Another option to ITS DNA sequencing technique can be through the use of Environmnetal 
DNA (eDNA) which is one of the advanced, efficient and standard sampling approach for 
obtaining genetic material directly from environmental samples (Thomson and Willerslev 
2015). Certain studies had been conducted in marine ecosystems using this technique. Berry et 
al. 2019 in their paper clearly mentioned that eDNA has the potentiality to solve the problem 
related with biological Oceanography as eDNA has the capacity to identify a huge phylogenetic 
range of organisms to species level. Another study by Fernandez et al. 2018, they had extracted 
eDNA from the water for the study of freshwater macroinvertebrates. They suggested that even 
though eDNA technique is costly but it requires few samplings and less identification efforts.  
So, future investigations into the distribution of Halophytophthora and Phytophthora species 
in seagrass beds could be conducted using this advanced technology. The application of eDNA 
is increasing steadily as a monitoring tool and is emerging in the fields of forensics, population 
and community ecology and taxonomy. eDNA can also be useful in ecology and conservation 
of freshwater and marine environments (Ferguson &Moyer 2014). 
4.2. CONCLUSION 
Although several oomycete species could pose a potential threat to the seagrass meadows of 
Victoria, up until now information related with their presence and distribution was lacking. 
This study confirmed the presence of various oomycetes in Victorian marine environments, 
some of which have been associated with disease in seagrass beds in the northern hemisphere. 
Specisfically three species of Halophytophthora were identified including Halophytophthora 
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polymorphica and Halophytophthora sp. Zostera and two species of Phytophthora including 
Phytophthora inundata and Phytophthora humicola were isolated from different locations at 
various sites within Victoria. This study has identified that oomycete species of potential 
concern exist in the Victorian environment and with additional research this can assist in 
management strategies and restoration programs for seagrass in future research. Of prime 
importance is the establishment of the level of susceptibility that the Victorian (and other 
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    APPENDICES 
 
Appendix 1: Table showing concentration and absorbance of DNA samples from Queenscliff and Point Henry 
before PCR and after clean-up (Wizard SV-Gel) 
 
Appendix 2: Table showing concentration and absorbance of DNA sample of Apollo Bay before PCR and after 
clean- up (Minelute® PCR Purification Kit)  
 









Qn Oct3 1.35 43.51 1.79 40.8 
Pt He Oct3 1.65 28.29 1.77 37.7 
Q4A 1.54 84.5 1.9 34.3 
Q3A 2.04 14.1 2.0 30.8 
Q1A 1.32 61.5 1.84 58.9 
Q3B 1.39 49.5 1.90 65.0 
Q2A 1.39 41.3 1.82 71.1 
Pt. 3A 1.35 132.9 1.86 67.9 
Pt. 1A 1.38 40.8 1.73 27.1 
Sample Before clean-up Sample After clean- up  
 Absorbance 
(260/280) 




Appolo Bay Apple 1.55 120 1.88 112.0 
Appolo Bay Apple 
(Gel Purification) 
1.55 120 2.10 32.5 
Prunus without 
lesion 















Appendix 3: Table showing concentration and absorbance of DNA sample of Western Port Bay and Peterborough 







Appendix 4: Table showing samples of Western Port Bay and Apollo Bay. Clean up done by using Minelute Gel 
Extraction Kit  
Sample Before clean-up 
(DNA Easy 
Powersoil kit) 
Before clean- up 






























1.82 31.7 1.55 148.6 1.84 93.2 
WPB (2) 
Apple 




1.70 99.3 1.16 52.7 1.81 61.4 
Rhododendro
n with lesion 
1.81 26.8 1.51 79.1 1.86 52.3 
Prunus with 
lesion  




1.88 112.34 1.79 253.2 1.88 92.9 










with lesion) WPB(Rho) 
1.51 79.1 2.55 13.9 
   2.688 7.2 
Apollo Bay apple 
(APB(1*)AP 
1.55 120 1.94 14.6 
   2.10 32.5 
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S.N. Samples code Concentration 






















1 Q4A (1.2) 
ITS1 
34.3 2 9 1 
 Q4A (1.2) 
ITS4 
34.3 2 9 1 
2 Q4A (2.2) 
ITS1 
30.8 2.25 8.75 1 
 Q4A (2.2) 
ITS4 
30.8 2.25 8.75 1 
3 Pt3A 
(3.2)ITS1 
67.9 1 10 1 
 Pt3A 
(3.2)ITS4 
67.9 1 10 1 
4 Pt3A 
(4.2)ITS1 
27.1 2.5 8.5 1 
 Pt3A 
(4.2)ITS4 
27.1 2.5 8.5 1 
5 Q1A(2)ITS1 58.9 1.25 9.75 1 
 Q1A(2)ITS4 58.9 1.25 9.75 1 
6 Q2A (3)ITS1 71.1 1 10 1 
 Q2A(3)ITS4 71.1 1 10 1 
7 Q3A(4)ITS1 61.8 1.15 9.85 1 
 Q3A(4)ITS4 61.8 1.15 9.85 1 
8 Q3B(5)ITS1 65.0 1.15 9.85 1 
 Q3B(5)ITS4 65.0 1.15 9.85 1 
9 Pt1A (6)ITS1 27.1 2.5 8.5 1 
 Pt1A (6)ITS4 27.1 2.5 8.5 1 
Appendix 5: Table showing the amount of isolated DNA, amount of Primer and volume of Nuclease Free water 







S.N. Samples code Concentration 




















1 WPB (A)AP 
ITS1 
93.2 0.8 10.2 1 
 WPB (A)AP 
ITS4 
93.2 0.8 10.2 1 
2 WPB(B)AP ITS1 91.4 0.8 10.2 1 
 WPB(B)AP ITS4 91.4 0.8 10.2 1 
3 WPB(C)Rho 
ITS1 
61.4 1.2 9.8 1 
 WPB(C)Rho 
ITS4 
61.4 1.2 9.8 1 
4 WPB(D)Rho 
ITS1 
52.3 1.4 9.6 1 
 WPB(D)Rho 
ITS4 
52.3 1.4 9.6 1 
5 WPB(E)Pru ITS1 79.1 0.9 10.1 1 
 WPB(E)Pru ITS4 79.1 0.9 10.1 1 
6 WPB(F)Bt ITS1 92.9 0.8 10.2 1 
 WPB(F)Bt ITS4 92.9 0.8 10.2 1 
7 APB(1)AP ITS1 112.0 0.65 10.35 1 
 APB(1)AP ITS4 112.0 0.65 10.35 1 
8 APB(1*)AP ITS1 32.5 2.2 8.8 1 
 APB(1*)AP ITS4 32.5 2.2 8.8 1 
9 APB(3)Pru ITS1 61.2 1.2 9.8 1 
 APB(3)Pru ITS4 61.2 1.2 9.8 1 
Appendix 6: Table showing the amount of isolated DNA, amount of Primer and volume of Nuclease Free water 
calculated for AGRF sequencing of Western Port Bay, Peterborough and Apollo Bay. The total volume was 12 µl 
in a 1.5 ml eppendorf tube 
       





















PITS1 3.2 Halophytophthora sp strain PD4636647-C1 100% 
 Halophytophthora sp strain CBS 140657 100% 
 Halophytophthora sp. Zostera strain CBS 140648 100% 
PITS4 4.2 Halophytophthora sp strain PD4636647-C1 98% 
 Halophytophthora sp strain CBS 140657 98% 
 Halophytophthora sp. Zostera strain CBS 140648 98% 
QITS1 1.2  Halophytophthora sp strain PD4636647-C1 100% 
 Halophytophthora sp strain CBS 140657 100% 
 Halophytophthora sp. Zostera strain CBS 140648 100% 
QITS4 2.2 Haophytophthora sp strain PD4636647-C1 97% 
 Halophytophthora sp strain CBS 140657 97% 
 Halophytophthora sp. Zostera strain CBS 140648 97% 
QITS1 2 Halophytophthora sp strain PD4636647-C1 100% 
 Halophytophthora sp strain CBS 140657 100% 
 Halophytophthora sp. Zostera strain CBS 140648 100% 
QITS4 2 Halophytophthora sp strain CBS 140657 98% 
 Halophytophthora sp. Zostera strain CBS 140648 98% 
 Halophytophthora sp strain PD4636647-C1 98% 
QITS1 3 Halophytophthora sp strain PD4636647-C1 100% 
 Halophytophthora sp strain CBS 140657 100% 
 Halophytophthora sp. Zostera strain CBS 140648 100% 
QITS4 3 Halophytophthora sp strain CBS 140657 97% 
Sample Name Species Name  Query Cover 
% 
1_QnOct3_F11 Halophytophthora polymorphica strain CBS 680 84 95% 
   
 Halophytophthora polymorphica culture-collection CBS 680 
84 
96% 
 Halophytophthora polymorphica voucher CBS 68084 95% 
2_QnOct3_F12 Halophytophthora polymorphica strain CBS 680 84 100% 
 Halophytophthora polymorphica culture-collection CBS 680 
84 
100% 
 Halophytophthora polymorphica voucher CBS 68084 99% 
3_PtHeOct3_G01 Halophytophthora sp strain PD4636647-C1 100% 
 Halophytophthora sp. Strain CBS 140657 100% 
 Halophytophthora sp. Zostera strain CBS 140648 100% 
4_PtHeOct3_G02 Halophytophthora strain CBS 140657 97% 
 Halophytophthora sp. Zostera strain CBS 140648 97% 
 Halophytophthora sp. Strain PD4636647-C1 97% 
64 
 
 Halophytophthora sp. Zostera strain CBS 140648 97% 
 Halophytophthora sp strain PD4636647-C1 97% 
QITS1 4 Halophytophthora sp strain PD4636647-C1 100% 
 Halophytophthora sp strain CBS 140657 100% 
 Halophytophthora sp. Zostera strain CBS 140648 100% 
QITS4 4 Halophytophthora sp strain PD4636647-C1 87% 
 Halophytophthora sp strain CBS 140657 87% 
 Halophytophthora sp. Zostera strain CBS 140648 87% 
QITS1 5 Halophytophthora sp strain PD4636647-C1 100% 
 Halophytophthora sp strain CBS 140657 100% 
 Halophytophthora sp. Zostera strain CBS 140648 100% 
QITS4 5 Halophytophthora sp strain PD4636647-C1 99% 
 Halophytophthora sp strain CBS 140657 99% 
 Halophytophthora sp. Zostera strain CBS 140648 99% 
PITS1 6 Halophytophthora sp strain PD4636647-C1 100% 
 Halophytophthora sp strain CBS 140657 100% 
 Halophytophthora sp. Zostera strain CBS 140648 100% 
PITS4 6 Halophytophthora sp strain CBS 140657 97% 
 Halophytophthora sp. Zostera strain CBS 140648 97% 
 Halophytophthora sp strain PD4636647-C1 97% 
Appendix 7: Table showing the identified species name along with the sample code and query cover. Identified 




Label Label description Name of species Query 
cover 
APB(1)AP1 Apollo Bay (lesion from 
Apple) with ITS1 
Phytophthora humicola isolate 
1875 
99% 
  Phytophthora humicola isolate 
B033 
99% 
  Phytophthora humicola strain 
TARI 90197 
99% 
APB(1)AP4 Apollo Bay (lesion from 
Apple) ITS4 
Phytophthora sp. isolate P76 100% 
  Phytophthora inundata isolate 
SCVWD620 
100% 
  Phytophthora humicola isolate 
SCVWD595 
100% 
APB (1*)AP1 Apollo Bay (lesion from 
Apple, second 
extraction)ITS1 
Phytophthora humicola isolate 
1875 
100% 
  Phytophthora inundata isolate C-
SDS02 
99% 
  Phytophthora humicola isolate 
B033 
100% 
APB(1*)AP4 Apollo Bay (lesion from 
Apple, second 
extraction)ITS4 
Phytophthora inundata isolate 
B155 
99% 
  Phytophthora inundata isolate 
Ort16 
100% 
  Phytophthora inundata isolate 
Ort3 
100% 
APB(3)Pru1 Apollo Bay (Prunus leaf 
without lesion) ITS1 
Phytophthora humicola isolate 
1875 
98% 
  Phytophthora humicola isolate 
B033 
98% 
  Phytophthora humicola isolate 
TARI 90197 
98% 
APB(3)Pru4 Apollo Bay (Prunus leaf 
without lesion) ITS4 
Phytophthora sp. isolate 
datepalm1 
100% 
  Phytophthora inundata isolate 
SCVWD443 
100% 
  Phytophthora sp. isolate 250487 100% 
WPB(A)Ap1 Western Port Bay 
(lesion from apple)ITS1 
Halophytophthora sp. strain 
PD4636647-C1 
100% 





  Halophytophthora sp. Zostera 
strain CBS 140648 
100% 
WPB(1)AP4 Western Port Bay 
(lesion from apple)ITS4 
Halophytophthora sp. strain 
PD4636647-C1 
88% 
  Halophytophthora sp. strain CBS 
140657 
88% 
  Halophytophthora sp. Zostera 
strain CBS 140648 
88% 
WPB(B)AP1 Western Port Bay 
(lesion from apple)ITS1 
Halophytophthora sp. strain 
PD4636647-C1 
95% 
  Halophytophthora sp. strain CBS 
140657 
95% 
  Halophytophthora sp. Zostera 
strain CBS 140648 
95% 
WPB(B)AP4 Western Port Bay 
(lesion from apple)ITS4 
Halophytophthora sp. strain CBS 
140657 
97% 
  Halophytophthora sp. Zostera 
strain CBS 140648 
97% 
  Halophytophthora sp. strain 
PD4636647-C1 
97% 
WPB(C)Rho1 Western Port Bay 
(Rhododendron leaf 
without lesion)ITS1 
Halophytophthora sp. strain 
PD4636647-C1 
100% 
  Halophytophthora sp. strain CBS 
140657 
100% 
  Halophytophthora sp. Zostera 
strain CBS 140648 
100% 
WPB(C)Rho4 Western Port Bay 
(Rhododendron leaf 
without lesion)ITS4 
Halophytophthora sp. strain CBS 
140657 
96% 
  Halophytophthora sp. Zostera 
strain CBS 140648 
96% 
  Halophytophthora sp. strain 
PD4636647-C1 
96% 
WPB(D)Rho1 Western Port Bay 
(Rhododendron leaf  
lesion)ITS1 
Fungal sp. strain SUBL206 10% 
  Meir asp.55F13a15epi 7% 
WPB(D)Rho4 Western Port Bay 
(Rhododendron leaf  
lesion)ITS4 
Metschnikowia bicuspidata strain 
C810a 
100% 



























  Metschnikowia bicuspidata var 
chathamia culture CBS:5902 
100% 
WPB(E)Pru1 Western Port Bay 
(Prunus leaf with 
lesion)ITS1 
Halophytophthora sp. strain 
PD4636647-C1 
100% 
  Halophytophthora sp. strain CBS 
140657 
100% 
  Halophytophthora sp. Zostera 
strain CBS 140648 
100% 
WPB(E)Pru4 Western Port Bay 
(Prunus leaf with 
lesion)ITS4 
Halophytophthora sp. strain CBS 
140657 
97% 
  Halophytophthora sp. Zostera 
strain CBS 140648 
97% 





Trichoderma harzianum genome 81% 
  Trichoderma harzianum strain 
NZD-mf109 
81% 
  Fungal sp. AM2013 strain 228 81% 
WPB(F)BT4 Peterborough(detached 
leaf)ITS4 
Trichoderma harzianum genome 81% 
  Trichoderma harzianum strain 
FCCT 34 
81% 
    





















































Appendix 8: Table showing the identified species name along with the sample code and query cover. The 
identified isolates are from lesions observed on apples, Rhododendron leaves and Prunus leaves from Western 
Port Bay, Peterborough and Apollo Bay sites. 
 
 
 
 
 
